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SUMMARY 


Recent  evidence  suggests  that  the  occurrence  of  aitentional  capture  is  contingent 
on  the  attentional  control  setting  induced  by  the  task  demands  (Folk.  Remington 
A:  Johnston,  in  press).  Because  the  e.xperiments  on  which  these  conclusions  arc 
based  can  be  criticized  for  several  reasons,  the  contingent  capture  hv-pothesis  was 
tested  by  means  of  two  visual  search  tasks  in  which  subjects  searched  m.ulti- 
eiement  displays  in  w'hich  a  color  singieton  and  oaset  singleton  were  simulta¬ 
neously  present.  When  subjects  had  to  search  for  a  color  singleton,  on  some 
trials  another  location  contained  an  irrelevant  onset.  In  addition,  when  subjects 
had  to  search  for  a  onset  singleton,  on  some  trials  another  location  contained  an 
irrelevant  cttlor  singleton.  Both  e.xperiments  show  that  the  contingent  capture 
hypothesis  does  not  hold:  irrespective  of  attentional  set.  attention  was  captured 
by  the  most  salient  singleton.  The  results  of  the.se  e.xperiments,  together  with 
previous  findings,  suggest  a  stimulus-driven  model  of  performance  in  which 
selection  is  completely  determined  by  the  properties  of  the  objects  present  in  the 
visual  field. 
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Selectief  zoeken  naar  kleur  en  luminantieveranderingen 

J.  Theeuwes 


SAMENVATTING 

In  een  recente  studie  (Folk,  Remington  &  Johnston,  in  druk)  werd  aangetoond 
dat  de  mate  waarin  een  object  de  aandacht  trekt.  afhankelijk  is  van  de  taakin- 
siructies,  Omdat  er  een  aantal  problemen  zijn  met  de  studie  van  Folk  et  al.. 
werd  deze  hypothese  getest  door  middel  van  twee  visuele  zoektaken  waarbij 
proefpersonen  dienden  te  zoeken  naar  een  object  met  een  unieke  kleur  naar 
een  object  met  een  "abrupt  onset”,  Beide  experimenten  laten  zien  dat  de 
hypothese  van  Folk  et  al.  verworpen  dient  te  worden;  ongeacht  de  taakinstructies 
wordt  de  aandacht  getrokken  door  het  object  met  de  hoogste  opvallendheid. 


1  INTRODUCTION 


Among  the  most  fundamental  issues  of  visual  attention  research  is  the  exieni  to 
which  visual  selection  is  controlled  by  the  properties  of  the  stimulus  or  by  the 
intentions,  goals  and  beliefs  of  the  observer  (see  e.g.,  Yantis,  in  press).  It  is 
generally  assumed  that  visual  selective  attention  can  be  controlled  in  either  a 
goal-directed  or  a  stimulus-driven  manner.  Selection  is  thought  to  occur  in  a 
goal-directed,  voluntary  manner  when  the  observer  intentionally  selects  only 
those  objects  required  to  perform  the  task  at  hand.  Selection  is  thought  to  occur 
in  a  stimulus-driven,  involuntary  manner  when  selection  is  determined  by  the 
specific  properties  of  the  objects  present  in  the  visual  field,  irrespective  of  the 
intentions  or  goals  of  the  observer. 

In  order  for  visual  selection  to  be  involved,  it  is  required  that  different  sources  of 
information  are  simultaneously  present  in  the  vi.sual  field.  Selective  attention 
controls  which  objects  embedded  in  an  array  of  other  objects  are  selected  for 
further  processing.  Before  selective  attention  operate.s,  preattentive  processes 
perform  some  basic  analyses  segmenting  the  visual  field  into  functional  perceptu¬ 
al  units.  If  spatial  attention  is  directed  towards  such  a  perceptual  unit,  this  unit  is 
thought  to  be  selected  (e.g.,  Broadbent,  1958,  1982).  It  is  commonly  assumed 
that  this  preattentive  segmentation  is  limited  to  a  set  of  prim.itive  features  or 
properties  of  objects  such  as  color,  shape,  size  and  brightness  (e.g.,  Treisman  A 
Gelade,  1980).  Since  visual  search  for  these  properties  is  independent  of  the 
number  of  elements  in  the  display,  the  preattentive  segmentation  process  is 
thought  to  operate  without  capacity  limitations  and  in  parallel  across  the  visual 
field  (e.g.,  Broadbent,  1958;  Neisser.  1967).  The  preattentive  segmentation 
process  provides  the  perceptual  units,  and  crucial  question  is  whether  the 
subsequent  allocation  of  attention  to  these  perceptual  units  is  under  the  control 
of  the  strategic  plans  of  the  observer  or  under  the  control  of  stimulation  (e.g.. 
Neumann,  1984). 

In  the  absence  of  a  clear  strategic  plan,  Jonides  ct  Yantis  (1988)  and  Theeuwes 
(1990)  showed  that,  in  a  visual  search  task,  the  mere  presence  of  a  featural 
singleton  in  color,  brightness  or  shape,  was  not  enough  to  capture  attention 
involuntary.  When  searching  for  a  target  which  could  not  be  detected  preattent- 
ively  (e.g.,  Jonides  &  Yantis,  1988:  searching  for  a  target  letter  between  other 
letters),  the  irrelevant  featural  singleton  was  simply  ignored  and  the  time  to  find 
the  target  linearly  increased  with  the  number  of  elements  in  the  display.  On  the 
other  hand,  even  in  the  ab.sence  of  a  clear  strategic  plan,  abrupt  changes  in 
luminance  over  time — abrupt  onsets  (Jonide.s,  1981;  Jonides  Jv:  Yantis.  1988; 
Muller  &  Rabbitt,  1989;  Posner.  1980,  Yantis  &  Jonides,  1984)  and  offsets 
(Miller,  1989;  Theeuwes,  1991a) — can  generate  involuntary  shifts  of  attention. 
Jonides  &  Yantis  (1988),  for  e.xample,  showed  that  in  a  visual  search  task,  a 
letter  with  abrupt  onset  was  always  selected  first  even  when  there  was  no  benefit 
to  the  observer  to  in’entiirnally  allocate  attention  to  the  onsetting  item. 
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Recently,  however,  Yantis  &  Jonides  (1990)  and  Theeuwes  (1991a)  showed  that 
when  search  is  eliminated  by  cuing  with  absolute  certainty  the  spatial  location  of 
the  impending  target,  abrupt  onsets  and  offsets  elsewhere  in  the  visual  field  do 
not  capture  attention.  Such  result  was  predicted  because,  in  anticipation  of  the 
target  event,  spatial  attention  was  already  directed  to  the  location  of  the  impend¬ 
ing  target,  suggesting  that  visual  selection — controlling  which  object  embedded  in 
an  array  of  other  objects  is  selected  for  further  processing — took  place  before  the 
search  display  came  on.  Because  the  cuing  procedure  eliminates  spatial  uncer¬ 
tainty,  it  is  not  required  to  select  a  target  object  among  other  objects,  with  the 
consequence  that  the  preattentive  parallel  segmentation  stage  which  normally 
precedes  the  selection  stage  does  not  occur. 

Tliecuwcs  (19‘'lb,  1992)  showed  that  in  visual  .search  tasks  in  which  observers 
have  a  clear  strategic  plan  to  selectively  attend  to  only  the  tasl;  relevant  stimulus 
properly,  irrelevant  featural  singletons  in  a  different  dimension  as  the  relevant 
one.  disrupted  performance  (see  also  Pashler,  1988.  Experiment  6).  For  example, 
in  Theeuwes  (1992),  observers  had  an  attentional  set  for  a  shape  singleton 
because  they  searched  for  a  green  circle  among  green  squares.  When  on  some 
trials,  an  irrelevant  color  singleton  was  present  (i.e..  one  of  the  green  squares 
was  red)  search  performance  was  disrupted.  Even  though  observers  had  a  clear 
attentional  set  to  attend  to  a  shape  singleton,  the  irrelevant  color  singleton 
captured  attention  involuntary.  Theeuwes  (1991b,  1992)  showed  that  selectivity 
depended  solely  on  the  relative  saliency  of  the  stimulus  attributes;  when  the 
shape  singleton  was  more  discriminable  than  the  color  singleton,  the  shape 
singleton  interfered  with  search  for  the  color  singleton,  and  vice  versa.  It  was 
concluded  that  in  visual  search  tasks  in  which  a  preattentive  segmentation 
process  is  required  to  detect  the  target,  the  attentional  set  cannot  not  override 
the  stimulus-driven  capture  that  arises  due  to  the  appearance  of  a  more  salient 
stimulus  attribute.  Theeuwes  (1991b,  1992)  claimed  that  in  visual  tasks  selection 
occurs  in  purely  stimulus-driven  fashion. 

In  a  recent  article.  Folk,  Remington  and  Johnston  (in  press)  challenged  this 
claim  and  suggested  that  the  control  of  attention  is  never  purely  stimulus  driven. 
They  claim  that  the  stimulus-driven  control  exerted  by  the  objects  present  in  the 
visual  field  depends  on  the  observers  state  of  attentional  readiness.  Under 
conditions  of  spatial  uncertainty,  they  show  that  an  onset  singleton,  referred  to  as 
a  "dynamic  di.scontinuity",  does  not  capture  attention  when  observers  adopt  an 
attentional  set  for  static  singletons,  referred  to  as  a  static  di.scontinuity  (e.g.,  look 
for  an  item  with  a  unique  color).  On  the  other  hand,  when  observers  are  set  to 
identify  a  static  singleton,  they  cannot  ignore  another  irrelevant  static  singleton. 
Folk  et  al.  conclude  that  all  attentional  shifts  are  mediated  by  "programmable" 
control  settings.  The  conclusions  of  Folk  et  al.  are  important  as,  for  example, 
acknowledged  by  Yantis  (in  press);  "the  central  point  made  by  Folk  et  al.  (in 
press) — that  the  bottom-up  control  of  attention  by  stimuli  interacts  with  the 
observer’s  state  of  attentional  readiness — provides  an  important  foundation  for 
further  developments  in  attentional  theory"  (p.  4  of  ms). 
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In  spite  of  the  significance  of  Folk  et  al.’s  (in  press)  findings  their  results  should 
be  considered  with  care.  In  their  study,  subjects  re.sponded  to  a  letter  shape  (X 
vs.  =)  which,  in  different  conditions,  had  either  a  unique  color  or  a  unique 
abrupt  onset.  When  the  search  display  was  preceded  by  a  to-be-ignored  featural 
singleton  (the  "cue")  that  matched  the  singleton  they  were  searching  (e.g. 
searching  for  a  unique  color  with  a  cue  that  contains  a  unique  color  as  well),  the 
cue  captured  attention  as  evidenced  by  a  prolonged  reaction  time  to  identify  the 
target.  On  the  other  hand,  if  the  to-be-ignored  featural  singleton  did  not  match 
the  singleton  they  were  searching  (e.g.,  searching  for  unique  color  with  the  cue 
containing  an  unique  onset)  the  onset  did  not  capture  attention.  This  "contin¬ 
gent"  capturing  of  attention  occurred  for  both  color  and  onset,  and  is  considered 
as  evidence  that  involuntary  capture  is  contingent  on  the  adoption  of  some 
attentional  set  and  will  not  occur  if  such  a  set  is  not  adopted. 

•Although  the  account  presented  by  Folk  et  al.  (in  press)  appears  to  be  sound, 
their  conclusions  could  be  delusive  conceivably  due  to  the  usage  of  the  word 
"cue".  If  one  simply  looks  at  the  exact  experimental  procedure,  the  results  can  be 
predicted  without  the  conjecture  that  involuntary  capture  depends  on  the 
attentional  control  settings.  The  cue  and  search  display  were  presented  in  fast 
successive  order  (both  displays  within  200  ms)  and  it  is  likely  that  some  integra¬ 
tion  over  time  took  place.  It  will  appear  that  both  cue  and  search  display  are 
presented  more  or  less  at  the  same  time,  with  the  cue  possibly  being  more 
salient  because  it  is  presented  somewhat  earlier  in  time.  In  conditions  in  which 
the  cue  is  invalid  (i.e.,  it  signals  the  location  where  the  target  will  not  appear) 
and  matches  the  target  defining  attribute,  it  appears  that  two  colored  (color 
condition)  or  two  onsetting  (onset  condition)  items  are  simultaneously  present  in 
the  visual  field.  Attention  is  involuntary  switched  to  the  location  of  the  more 
salient  feature  (i.e.,  the  cue  which  is  presented  a  little  earlier)  followed  by  an 
involuntary  switch  to  the  less  salient  feature  (the  target),  giving  relatively  long 
reaction  time  to  identify  the  target.  If  the  cue  signals  the  valid  location  and 
matches  the  target  defining  attribute,  there  appears  to  be  only  one  uniquely 
colored  (color  condition)  or  one  onsetting  (onset  condition)  item  present  in  the 
visual  field  and  attention  is  involuntary  .switched  to  the  only  location  that 
contains  a  unique  feature.  Reaction  times  to  identify  the  target  will  be  fast.  If 
the  cue  signals  an  invalid  location  and  does  not  match  the  target  defining 
attribute,  two  items,  one  with  a  unique  color  and  one  with  a  unique  onset  are 
present  in  the  visual  field  and  the  reaction  time  will  be  completely  determined 
by  the  relative  saliency  of  the  cue  and  target  feature.  Reaction  time  will  neither 
be  fast  nor  slow.  Finally,  if  the  cue  signals  a  valid  location  and  does  not  match 
the  target  defining  attribute,  attention  is  .switched  to  the  only  location  having 
both  a  unique  color  and  onset.  Because  two  unique  features  are  present  at  the 
same  location,  time  to  identify  the  target  will  be  affected,  giving  reaction  times 
which  will  be  neither  fast  nor  slow. 

The  above  is  a  complete  account  of  Folk  et  al.’s  results  without  assuming  any 
top-down  control;  attention  is  simply  switched  in  the  order  of  the  saliency  of  the 
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features  present  in  the  visual  field.  Yantis  (in  press)  hinted  towards  this  explana¬ 
tion  when  he  suggested  that  the  Folk  et  al.’s  (in  press)  study  reveals  that 
attentional  set  cannot  be  switched  over  very  small  time  scales  (p.  10  of  ms). 
There  are  other  less  severe  problems  with  the  Folk  et  al.’s  (in  ^ress)  study.  For 
example,  the  task  employed  was  not  really  a  search  task,  bee  use  m  the  onset 
condition,  the  onsetting  item  was  the  only  element  present  in  the  visual  field  (see 
also  Yaiiiis,  in  press,  ■footnote  3).  In  addition,  because  there  is  no  check  on 
whether  subjects  divide  th'' '  ■  attention  over  tlic  visual  fic'd,  in  the  invalid  cue 
condition,  for  example,  subjects  might  have  focussed  their  attention  on  a 
(random)  location  in  visual  field  before  display  onset.  As  noted  earlier,  focussing 
of  attention  to  a  location  reduces  the  distracting  effect  of  events  falling  outside 
the  attentional  beam  (Yantis  &  Jonides,  1990;  Theeuwes,  1991a).  Finally,  Folk 
et  al.'s  (in  press)  conclusions  are  reached  after  multiple  comparisons  between 
the  valid  and  invalid  to-be-ignored  "cue"  condition  with  two  control  conditions  in 
which  there  is  a  central  cue  or  no  cue.  Such  cost-benefit  analyses  are  trouble¬ 
some  (e.g.,  Jonides  &  Mack,  1984),  and  seem  particularly  inappropriate  for  "cue" 
conditions  in  which  the  cue  has  to  be  ignored. 

Because  the  conclusions  of  Folk  et  al.  (in  press)  are  important,  it  is  essential  to 
test  their  hypothesis  with  an  uncomplicated  task  which  does  not  allow  alternative 
interpretations.  In  the  present  study,  subjects  had  to  selectively  search  for  either 
a  color  (attentional  set  for  color  singleton)  or  an  onset  singleton  (attentional  set 
for  onset)  embedded  between  3  or  6  nontarget  items  in  the  visual  field.  Varia¬ 
tion  of  display  size  enabled  to  check  on  whether  search  was  performed  in 
parallel  or  serially.  As  indicated,  if  search  is  performed  serial  or  partially  serial, 
visual  selection  operates  on  one  or  a  few  items  at  a  time,  blocking  out  the 
possible  capturing  effect  of  visual  information  outside  the  "selected"  area  on 
which  attention  is  focussed  (e.g.,  Yantis  &  Jonide.s,  1990;  Theeuwes,  1901a). 
When  subjects  had  a  attentional  set  for  a  color  singleton,  on  some  trials  another 
location  contained  an  irrelevant  onset.  In  addition,  when  subjects  had  a  atten¬ 
tional  set  for  onset,  on  some  trials  another  location  contained  an  irrelevant  color 
singleton.  TTie  task  was  designed  such  that  subjects  needed  to  attend  to  the 
location  that  was  cued  by  singleton  of  the  attentional  set. 

According  to  the  Folk  et  al.’s  (in  press)  hypothesis  that  involuntary  capture  of 
attention  is  dependent  on  the  ccintrol  settings,  it  is  expected  that  an  abrupt  onset 
does  not  capture  attention  when  subjects  have  an  attentional  .set  for  a  color 
singleton.  Time  to  identify  the  target  signalled  by  the  color  singleton  should  not 
be  affected  by  the  presence  of  an  irrelevant  on.set.  In  addition,  when  subjects 
have  a  clear  attentional  .set  for  onset,  the  presence  of  a  irrelevant  color  singleton 
should  not  affect  performance. 

Alternatively,  Theeuwe.s'  (1991b,  1992)  hypothe.sis  that  visual  selection  depends 
on  the  relative  saliency  of  the  singletons  present  in  the  visual  field,  predicts  that, 
irrespective  of  attentional  set,  a  singleton  with  high  saliency  disrupts  search  for  a 
less  salient  singleton. 


EXPERIMENT  1 


2.1  Method 

Subjects 

Eight  right-handed  subject.s,  ranging  in  age  from  iX  to  23  years,  participated  a> 
paid  volunteers.  All  had  normal  or  correct-to-normal  vision  and  reported  havine 
no  color  vision  defects. 

Apparatus  and  stimuli 

A  SX-38h  Personal  Computer  (G2)  with  a  NEC  Multisync  3D  VG.A  color  screen 
(resolution  P4()x35())  using  Micro  Experimental  Laboratory  software  [Package 
controlled  the  timing  of  the  events,  generated  pictures  and  recorded  reaction 
times.  Tlie  "/"-key  and  the  z'-key  of  the  computer  keyboard  were  used  as 
response  buttons.  Each  subject  was  tested  in  a  sound-attenuated,  dimly-lit  room, 
his  or  her  head  resting  on  a  chinrest.  The  C’RT  was  located  at  eye  level.  11.^  cm 
from  the  chinrest, 

TTe  display  elements  consisted  of  green  (CIE  \.y  chromalicity  coordinates  of 
.303/. 5^(4)  or  red  (coordinates  of  .()3()/.3.^3)  outline  circles  which  were  matched 
for  luminance  (16.5  cd/m-).  Tlie  fixation  cro.ss  and  the  line  segments  were 
presented  in  white  (33.0  cd/ni-)  on  a  black  background  (0.5  cd/m-). 

Pmcedure 

The  task  was  similar  to  that  in  Theeuwes  (IWlb.  1092).  consisting  of  a  visual 
,'earch  task  in  which  there  is  a  clear  separation  between  the  defining  and 
reported  attribute  of  the  target.  Subjects  responded  to  the  orientation  (horizontal 
or  vertical)  of  a  line  segment  appearing  inside  a  red  circle  embedded  among 
green  circles  (color  condition)  or  in  a  red  outline  circle  with  abrupt  onset 
embedded  among  no-onset  circles  (onset  condition).  Because  subject.s  responded 
to  the  orientation  of  a  target  line  segment  locate  1  among  slightly  tilted  nontarget 
line  segments,  the  task  required  focal  attention  (Theeuwe.s,  1001b;  Treisman  et 
Gormican,  1088)  but  not  a  high  spatial  acuity.  The  "no-onset"  and  "onset"  stimuli 
were  constructed  analogously  to  Jonides  and  Yantis  (1088),  in  which  onset 
stimuli  were  presented  in  previously  blank  locations,  and  no-onset  stimuli  were 
camouflaged  by  premasks. 


tixation  premask.  stimu.us  display 


Fig.  1  Trial  eveni.s  in  Experiment  1  (In  thi.s  example,  the  color 
distractor  condition  m  which  subject  have  an  attentional  set  iTr  a 
color  singleton;  the  target  is  vertica'  and  located  in  the  color  single- 
ton.  the  distractor  is  an  irrelevant  cnc'e  with  abrupt  onset. 


The  trial  events  are  shown  in  Fig.  1.  ,\t  the  beginning  of  a  trial  a  central  dot 
appeared,  upon  which  subjects  remained  fi.xated  throughout  a  trial.  After  ’’OO  ms, 
the  standard"  prema.sk  was  presented  consisting  of  three  or  six  green  outline 
circles  ( 1.2  of  diameter)  which  were  equally  spaced  around  the  fixation  point  on 
an  imaginary  circle  whose  radius  was  3A  \  The  six  circles  formed  a  hexagon;  the 
three  circles  formed  either  a  upward-pointing  or  down-pointing  equilateral 
triangle.  Each  circle  contained  six  line  segments  (0.5- ).  one  vertical,  one  horizon¬ 
tal  and  four  tilted  ZO”  to  either  side  of  the  horizontal  and  vertical  plane,  .\ftcr 
1.000  ms  prema,sk  the  stimulus  field  was  presented.  At  the  end  of  the  1.000-ms 
premask  period,  of  the  h  line  segments  in  each  of  the  circles  were  extin¬ 
guished.  revealing  line  segments  that  were  tilted  20“  to  either  side  of  the 
horizontal  or  vertical  plane.  The  orientations  were  randomly  distributed  in  a 
display.  In  only  one  circle,  the  extinguished  line  segments  revealed  a  iine 
segment  oriented  either  horizontally  or  vertically;  the  orientation  determined  the 
appropriate  response  key  (the  "/"-key  for  vertical  and  the  "z"-key  for  horizontal). 
In  the  color  condition,  at  the  end  of  the  l.()()()-ms  premask  period,  one  of  the 
green  circles  changed  into  a  equiluminant  red  circle,  which  contained  the 
horizontal  or  vertical  target  line  segment.  In  the  onset  condition,  at  the  end  of 
the  l.OOO-ms  premask  period,  a  green  circle  containing  the  target  line  segment 
was  presented  at  one  of  the  h  previously  blank  locations  of  the  3.4'"  imaginarv 
circle.  The  stimulus  field  remained  present  for  a  maximum  of  2  s  until  a  re¬ 
sponse  was  emitted. 

In  the  color  condition,  subjects  received  two  conditions;  (1)  a  no-distractor 
condition  in  which  the  red  circle  containing  the  target  line  segment  was  sur¬ 
rounded  by  3  or  6  green  circles,  and  (2)  a  distractor  condition  in  which  one  of 
the  3  or  h  green  circles  had  abrupt  onset.  In  the  on.set  condition  subjects 
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received  two  conditions  as  well;  (1)  a  no-distractor  condition  in  the  green  circle 
with  abrupt  onset  was  surrounded  by  3  or  b  green  circles,  and  (2)  a  distracior 
condition  in  which  one  of  these  green  circles  was  red.  As  will  be  clear,  when 
searching  for  a  uniquely  colored  red  circle,  the  distracting  element  was  a  green 
circle  with  abrupt  onset,  and  when  searching  for  a  green  circie  with  abrupt  onset 
the  distracting  element  was  a  uniquely  colored  red  circle.  The  position  of  the  red 
target  circle  in  the  stimulus  display  was  randomized  from  trial  to  triai.  it  re¬ 
placed  always  one  the  circles  from  the  premask  -h.splay.  The  position  of  the 
onset  circle  was  randomized  as  well,  yet  it  w-as  presented  at  one  of  the  si.\  blank 
locations.  At  the  end  of  the  premask  peri,  d,  in  ail  e.xcept  one  condition,  a  circle 
with  abri’p:  I'nset  was  added  to  the  3  or  6  circles  of  the  premask  display, 
creatiPc  ,i  Mi;;iulus  field  consisting  of  4  or  7  circles.  In  the  no-disiractor  ^olor 
conditu  r;  iioweser.  no  circle  with  abrupt  onset  was  added  at  the  end  of  the 
premask  p^nod.  In  order  to  keep  an  equal  numbei  of  elements  in  the  stimulus 
display,  in  this  condition  the  [tremask  consisted  of  the  standard  '  or  h  circles 
with  an  additional  circle  at  one  of  the  locations  that  contained  an  tibrupi  (mset 
circle  in  the  other  conditions. 

Hach  subject  performed  both  a  color  and  a  onset  session.  Both  the  color 
condition  se.s.sion  and  the  onset  condition  session  consisted  of  9b  practice  trials 
(half  of  the  trials  no-distractor,  the  other  half  distractor)  followed  by  a  block  of 
144  trials  in  the  no  distractor  condition  and  144  trails  in  the  distrticlor  condition 
Half  of  the  subjects  started  with  the  colt  r  session,  the  other  half  with  the  onset 
session.  Within  the  color  and  onset  sessions,  half  of  the  subject  started  with  the 
no-distractor  the  other  half  with  the  distractor  condition.  Display  size  (4.7)  was 
randomized  within  blocks.  Each  subject  performed  a  total  of  57b  trials-  that  is.  a 
total  of  72  trials  in  each  display-size  distractor  condition. 

Each  session  lasted  appro.ximately  40  minutes,  with  a  15  minute  break  i  etween 
the  sessions.  Within  a  session,  there  were  short  breaks  after  72  trials  in  which 
subject  received  feedback  about  their  performance  (percentage  errors  and  mean 
reaction  time)  on  the  preceding  block  of  trials.  Prior  to  the  start  of  the  e.xperi- 
ment  subjects  were  instructed  to  search  for  the  horizontal  or  vertical  target  line 
segment  and  to  press  the  appropriate  re.sponse  key  with  one  of  their  index 
fingers  which  were  resting  on  and  ''z”-keys.  Before  each  session,  the  subjects 
were  informed  about  the  relationship  between  the  location  of  the  target  line 
segment  and  the  unique  display  element:  in  the  color  condition,  subject  were 
told  that  the  target  line  segment  was  always  located  in  the  uniquely  colored  red 
circle;  in  the  onset  condition  they  were  told  that  the  target  line  segment  was 
always  located  in  the  circle  with  abrupt  on.set.  They  were  instructed  to  use  this 
information.  It  was  emphasized  that  subjects  should  fixate  the  central  dot  and 
not  move  their  eyes  during  the  course  of  any  trial.  It  was  stressed  that  a  steady 
fixation  would  reduce  RT  and  make  the  task  easier.  Both  speed  and  accuracy 
were  emphasized.  A  warning  beep  informed  the  subject  that  an  error  had  been 
committed.  If  no  response  was  made  after  2  s,  subjects  were  informed  that  they 
had  committed  an  error. 
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2.2  Results 

Response  times  longer  than  1  s  were  counted  as  errors,  which  led  to  a  loss  of 
well  under  l^c  of  the  trials.  Fig.  2  presents  the  subjects'  mean  KT  and  error 
percentages  in  the  four  conditions.  The  individual  mean  RTs  were  submitted  to 
an  .XNOV/X  with  attentionai  .set  (search  for  color,  search  for  onset),  displav  size 
(4,7)  and  distractor  as  factors. 


attentionai  set  for  color  attentionai  set  for  onset 
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Pig.  2  E.xperiment  1:  Mean  reaction  time  and  error  percentages  for 
search  with  or  without  a  distractor  for  the  color  (Panel  A)  and  onset 
(Panel  B)  conditions. 
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There  was  a  main  effect  on  RT  for  both  display  size  and  distractor  [T(l,7)  =  6.3; 
p  <  0.05.  for  display  size,  and  F{\,1)  =  29.2;  p  <  0.01  for  distractor].  TTte  mean 
slopes  for  the  color  condition,  were  4.7  and  2.6  ms  for  the  no-distractor  and 
distractor  condition.  For  the  onset  condition,  these  figures  were  respectively  0.6 
and  5.5  ms.  None  of  these  slopes  were  significantly  different  from  zero  (all 
f(7)  <  1.27),  indicating  parallel  preattentive  search  across  all  items  in  the 
display.  Inspection  of  the  RT  data  reveals  that  when  subjects  are  searching  for  a 
uniquely  colored  red  circle,  they  are  distracted  by  the  abrupt  onset.  In  addition, 
when  subjects  are  searching  for  a  abrupt  onset,  they  are  distracted  by  the 
uniquely  colored  red  circle. 
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An  additional  analysis  showed  that  distraction  effect  on  RT  did  not  depend  on 
the  order  of  the  presentation  of  the  color  and  onset  sessions.  The  interaction 
between  presentation  order  and  distractor  was  not  significant  [F(l,6)  <  1] 
suggesting  that  the  distraction  effect  is  not  due  to  some  transfer  from  one 
condition  to  the  next. 

In  order  to  achieve  homogeneity  of  the  error  rate  variance,  the  mean  error  rates 
per  cell  were  transformed  by  means  of  an  arcsine  transformation.  There  was  only 
a  main  effect  for  distractor  [F(l,7)  =  11.7;  p  <  0.05].  Because  this  analysis 
indicates  that  error  differences  are  non-significant  or  tend  to  mimic  RT.  differ¬ 
ences  in  response  latencies  are  not  due  to  a  speed-accuracy  trade-off. 


2.3  Discussion 

The  results  of  this  experiment  are  fairly  clear;  when  subjects  have  an  attentional 
>et  for  a  color  singleton  (a  static  discontinuity),  an  abrupt  onset  (a  dynamic 
discontinuity)  captures  attention  involuntary,  as  evidenced  by  a  prolonged 
reaction  time  to  identify  the  target  line  segment  inside  the  color  singleton.  In 
addition,  when  subjects  have  an  attentional  set  for  an  abrupt  onset,  also  a  color 
singleton  captures  attention  involuntary.  The  results  indicate  that  Folk  et  al.’s  (in 
press)  hypothesis  that  involuntary  capture  of  attention  is  dependent  on  the 
control  settings  does  not  hold;  even  when  subjects  have  a  clear  attentional  set  for 
a  static  discontinuity,  a  dynamic  discontinuity  interferes,  and  vice  versa. 

The  results  agree  with  Theeuwes'  (l^^dlb,  1Q92)  hypothesis  that  visual  selection 
depends  on  the  relative  saliency  of  the  singletons  present  in  the  visual  field.  In 
conditions  in  which  there  is  only  one  singleton  present  (i.e.,  the  no-distractor 
condition)  the  mean  RT  represents  the  relative  saliency  of  the  singleton,  that  is, 
it  depicts  the  time  it  takes  for  attention  to  be  captured  by  the  singleton.  Tlie  RT 
analysis  indicates,  as  evident  in  Fig.  2.  that  the  mean  RTs  averaged  over  display 
size  for  the  no  distractor  conditions  color  and  onset  were  not  different  (550  ms 
for  color  and  535  for  onset)  suggesting  that  they  did  not  differ  in  their  saliency. 
In  line  with  the  hypothesis  of  Theeuwes.  comparable  interferences  for  the  color 
and  onset  conditions  were  expected  and  observed. 

The  finding  that  for  all  search  functions,  RT  did  not  increase  with  display  size, 
indicates  that  .search  for  the  color  singleton  and  abrupt  onset  was  performed  in 
parallel.  The  finding  that  search  is  not  .serial  ensures  that  subjects  did  not  focus 
their  attention  on  some  restricted  area  in  the  visual  field.  As  indicated,  focussing 
of  attention  to  one  or  a  few  items  will  give  serial  search  which  might  attenuate 
the  distracting  effect  of  the  irrelevant  item. 

The  present  findings  showing  that  an  attentional  set  for  a  static  discontinuity 
cannot  override  the  stimulus-driven  capture  of  the  dynamic  discontinuity  and  vice 
versa  might  contain  a  confound  because  at  stimulus  presentation  two  elements 
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are  changed.  One  element  changed  its  green  color  into  an  equiluminant  red 
color  and  one  element  was  added.  If  subjects  simply  attend  to  "change”  irrespec¬ 
tive  of  whether  this  is  a  color  change  or  a  luminance  change,  then,  due  to  an 
attentional  set  for  "change",  interferences  can  be  expected. 

Experiment  2  was  designed  to  test  this  possibility.  Rather  than  changing  the 
color  of  a  single  circle,  the  color  of  all  except  the  target  circle  was  changed  so 
that  an  attentional  set  for  change  per  se  was  not  an  appropriate  strategy.  In 
addition,  to  test  Theeuwes’  hypothesis,  the  color  difference  was  made  smaller  so 
that  the  onsetting  element  had  a  higher  saliency  than  the  color  singleton. 
According  to  the  Folk  et  al.’s  (in  press)  hypothesis,  it  is  expected  that  the  time  to 
identify  the  target  signalled  by  the  less  salient  color  singleton  is  not  affected  by 
the  irrelevant  onsetting  element.  According  to  Theeuwes’  (1991b.  1992)  hypothe¬ 
sis,  attention  is  automatically  captured  by  the  mo.st  salient  element  suggesting 
that  the  time  to  identify  the  target  signalled  less  salient  color  singleton  is 
prolonged.  On  the  other  hand,  search  for  the  abrupt  onset  with  a  relatively  high 
saliency  is  not  affected  by  the  presence  of  the  less  salient  color  singleton. 


EXPERIMENT  2 
.3.1  Method 
Subjects 

Eight  subjects  ranging  in  age  between  20  and  25  years  participated  in  the 
experiment. 

A  pparatus 

The  apparatus  was  identical  to  Experiment  1.  The  premask  consisted  of  grey 
circles.  Rather  than  changing  the  color  of  one  circle  as  in  Experiment  1.  at  the 
end  of  the  premask  period,  the  color  of  all  circles  expect  one  was  changed  into 
an  equiluminant  red’  (CIE  x,y  chromaticity  coordinates  of  .2b5/.278  for  grey 
and  .628/.352  for  red;  luminance  of  17.3  cd/iiE). 


’  The  color  grey  was  chosen  for  the  premask  because,  due  to  the  steady  fixation,  colors  such  as 
green,  red  or  blue  will  induce  a  local  chromatic  adaptation  (.see  Theeuwes  A  Luca.s.scn,  V)02).  Due 
to  this  chromatic  adaptation,  the  color  of  the  circles  of  the  stimulus  field  presented  at  exactly  the 
same  location  as  the  circles  of  the  premask  appear  to  have  a  color  which  is  slightly  different  from 
the  color  of  the  circle  presented  at  a  new  location  (i.c.,  the  circle  with  on.sct).  This  might  give  a 
confound  because  the  on.sctting  circle  not  only  has  onset  but  also  a  color  which  is  slightly  different 
from  the  rest.  This  effect  does  not  occur  with  the  color  grey  bccau.se  this  color  consists  of  red. 
green  and  blue  simulating  the  red,  green  and  blue  cones  about  equally. 
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The  task  was  identical  to  Experiment  1. 


3.2  Results 

Response  times  longer  than  1  s  were  counted  as  errors,  which  led  to  a  loss  of 
well  under  IT  of  the  trials.  Mean  RT  and  error  percentages  are  shown  in  Fig.  3. 


attentional  set  for  color  attentionai  set  for  onset 
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Fig.  3  Experiment  2:  Mean  reaction  time  and  error  percentages  for 
search  with  or  without  a  distractor  for  the  color  (Panel  A)  and  onset 
(Panel  B)  conditioas. 


There  was  a  main  effect  on  RT  for  attentionai  set  [F(l,7)  =  25.0;  p  <  0.01],  and 
distractor  [F(l,7)  =  9.0;  p  <  0.05].  Also,  the  interaction  between  these  variables 
[F(l,7)  =  6.0;  p  <  0.05]  and  the  interaction  between  attentionai  set  and  display 
size  were  reliable  [F(I,7)  =  11.5;  p  <  0.05].  The  mean  slopes  for  the  color 
condition,  were  3.7  and  4.4  ms  for  the  no-distractor  and  distractor  condition.  For 
the  onset  condition,  these  figures  were  respectively  -0.04  and  -3.0  ms.  None  of 
these  .slopes  were  significantly  different  from  zero  (all  /(7)  <  1.09),  indicating 
parallel  preattentive  search  across  all  items  in  the  display.  Planned  comparisons 
showed,  for  the  color  condition,  a  significant  difference  between  the  mean  RTs 
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of  the  no-distractor  condition  and  the  distractor  condition  [F(l,7)  =  12. h;  p  < 
0.01],  implying  that  search  for  the  uniquely  colored  grey  circle  is  slowed  down  by 
the  abrupt  onset  circle.  The  same  comparison  for  the  onset  condition  shows  that 
search  for  the  abrupt  onset  circle  is  not  affected  by  the  presence  of  the  uniquely 
colored  grey  circle  [F(l,7)  <  1].  Again,  the  distraction  effect  on  RT  did  not 
depend  on  order  of  the  presentation  of  the  coicr  and  onset  sessions  (the 
interaction  between  order  and  distractor  [T(l,6)  <  1], 

The  arcsine  transformed  error  data  showed  a  reliable  effect  for  the  interaction 
attentional  set,  distractor  and  display  size  [T(l,7)  =  9.9;  p  <  0.05].  This  analysis 
indicates  that  the  increase  in  RT  caused  by  the  onset  distractor  cannot  be 
attributed  to  a  speed-accuracy  trade-off. 


3.3  Discussion 

The  no-distracior  conditions  .show  that  an  onset  is  more  salient  than  a  grey  circle 
between  red  circles  (averaged  over  display  size,  no  distractor  condition;  t>02  ms 
for  color  and  522  ms  for  onset).  In  line  with  the  hypothesis  of  Theeuwes  (1991b. 
1992),  the  present  data  indicate  that  selectivity  depends  on  the  relative  saliencv' 
of  the  singletons  present  in  the  visual  field:  search  for  an  onset  was  not  hindered 
by  the  presence  of  a  less  salient  color  singleton.  On  the  other  hand,  the  salient 
onset  interfered  strongly  with  search  for  the  color  singleton.  Again,  the  atten¬ 
tional  set  could  not  override  the  stimulus-driven  capture  of  the  more  salient 
onset.  It  appears  that  the  control  of  attention  is  independent  of  the  observers 
state  of  attentional  readiness,  a  finding  which  challenges  Folk  et  al.s  (in  press) 
hypothesis. 


4  GENERAL  DISCUSSION 

Two  e.xperiments  were  conducted  to  test  the  hypothesis  that  the  control  of 
attention  is  never  purely  stimulus  driven  as  suggested  by  Folk  et  al.  (in  press). 
According  to  their  hypothesis  involuntary  orienting  of  a  attention  to  a  stimulus 
event  is  contingent  upon  the  attentional  set  of  the  observer.  Thus,  if  an  observer 
has  an  attentional  set  for  a  static  di.scontinuity  (a  color  singleton),  other  static 
singletons  capture  attention  whereas  dynamic  discontinuity  (abrupt  onsets)  can 
simply  be  ignored.  Both  experiments  reported  here  show  that  this  hypothesis 
does  not  hold;  an  attentional  set  for  a  static  discontinuity  cannot  override  the 
attentional  capture  of  an  abrupt  onset. 

The  present  findings  together  with  those  of  Theeuwes  (1991b.  1992)  suggest  a 
model  of  performance  which  a.ssumes  that  the  extent  to  which  singletons  capture 
attention  is  completely  determined  by  the  relative  saliency  of  the  singletons 
present  in  the  visual  field.  Irrespective  of  the  attentional  set,  spatial  attention  is 
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automatically  and  involuntary  captured  by  the  most  salient  singleton.  The  shift  of 
spatial  attention  to  the  location  of  the  singleton,  implies  that  the  singleton  is 
selected  for  further  processing.  If  this  singleton  contains  the  target  line  segment, 
a  response  is  given.  If  it  does  not  contain  the  target  line  segment,  attention  is 
automatically  switched  to  the  next  salient  singleton.  Because  the  saliency  of  the 
color  and  omset  singleton  were  about  equal  in  Experiment  1,  attention  was 
sometimes  captured  by  the  target  and  sometimes  by  the  distractor.  giving 
interferences  for  both  the  color  and  onset  condition.  Because  the  color  differ¬ 
ence  was  made  smaller  in  Experiment  2,  the  onset  singleton  was  always  the  most 
salient  one  and  therefore  always  selected  first.  As  a  consequence,  search  for  the 
onset  singleton  was  not  hindered  by  the  presence  of  the  color  singleton,  whereas 
the  onset  singleton  always  interfered  with  search  for  the  color  singleton. 

According  to  the  Theeuwes’  model,  in  an  unfocu.ssed  state  of  attention,  the 
preattentive  process  simply  calculates  differences  in  features  within  dimensions, 
resulting  in  pattern  of  activations  at  different  locations,  followed  by  an  automatic 
shift  of  spatial  attention  to  the  location  with  the  highest  difference  signal.  In  this 
model,  selection  operates  irrespective  of  the  task  demands,  and  the  automatic 
shifts  of  attention  can  be  considered  the  result  of  relatively  inflexible,  "hard¬ 
wired"  mechanism  which  are  triggered  by  the  pre.sence  of  specific  stimulus 
properties.  In  line  with  for  example  Sagi  and  Julesz  (1985)  and  Ullman  (1984;  it 
is  assumed  that  the  parallel  process  can  only  perform  a  local-mismatch  detection 
followed  by  a  serial  stage  in  which  the  most  mismatching  areas  are  selected  for 
further  analysis. 

It  is  recognized  that  the  operation  of  the  "hardwired"  capturing  mechanism  can 
be  stopped  voluntary  by  focussing  of  attention  to  a  restricted  area  in  the  visual 
field  (e.g.,  Yantis  &  Jonides.  1990;  Theeuwes.  1991a).  It  is  assumed  that  no 
preattentive  processing  occurs  outside  the  area  to  which  attention  is  directed.  ,A 
consequence  of  this  top-down  strategy  is  that  search  is  performed  seriallv  or 
partly  serially.  In  the  present  study,  subjects  had  to  divide  their  attention  over 
the  whole  visual  field  so  that  the  task-relevant  feature  could  capture  attention; 
yet,  as  a  consequence  of  this  strategy  the  task-irrelevant  feature  could  capture 
attention  as  well. 

The  data-driven  .selection  model  as  described  above  is  not  in  accordance  with 
various  recent  models  of  visual  search  which  do  assume  top-down  effects  on 
visual  .selection  (e.g..  Bundesen,  1990;  Cave  &  Wolfe.  1990;  Treisman  &  Sato, 
1990).  Generally,  these  models  are  based  on  data  that  show  that  attentional  set 
(e.g.,  knowing  that  the  target  is  a  red  circle)  speeds  up  responding  to  this  target 
(i.e.,  the  red  circle).  In  these  typical  visual  search  task.s,  the  item  subjects  are 
looking  for  during  search,  is  also  the  item  they  have  to  respond  to.  As  a  conse¬ 
quence,  attentional  set  does  not  only  affect  vi.sual  .selection,  but  also  affects 
processes  (e.g.,  identification,  response  selection)  that  occur  after  the  target  has 
been  selected.  The  pre.sent  study  does  not  contain  this  confound.  Because 
subjects  responded  to  the  orientation  of  the  target  line  .segment  located  in  the 
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perceptually  discrepant  item,  it  is  ensured  that  the  RT  data  reflects  effects 
operating  at  the  early  stage  of  perceptual  processing  rather  than  on  processing 
operations  occurring  after  the  item  has  been  selected  (see  also,  Yantis,  in  press). 

It  might  be  argued  that  top-down  effects  did  not  show  up  in  the  present  study 
because  the  target  and  distractor  were  so  salient  that  attentional  set  could  not 
override  the  attentional  capture  of  these  salient  items.  This  argument  might  be 
valid  for  the  interference  found  in  Experiment  2;  yet,  in  Experiment  1  color  and 
onset  singletons  were  about  equally  salient.  If  top-down  effect  would  exist,  they 
should  have  show  jd  up  under  these  circumstances. 
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